INTRODUCTION
According to the National Center for Education Statistics (NCES),~7% of the bachelor's degrees conferred in the United States in 2013 and 2014 were in biological and physical sciences (NCES Table 322 .30). The low number of science, technology, engineering, and mathematics (STEM) graduates (slightly higher than 200,000/yr) elicits concerns about the level of technical training college graduates are receiving (2) . There is also some unease that only~40% of students who start in STEM disciplines complete a degree in a STEM field, which is only slightly better (42%) for students in life science disciplines (10) . In addition to the discussion about the number of STEM graduates, there is also considerable debate about the STEM student educational experience and the possible role that active learning has in enhancing instruction and keeping STEM students engaged (4, 9) . In this paper, we explore the educational experience of students involved in the KansasIDeA Network of Biomedical Research Excellence (K-INBRE) program, with specific focus on the impact the K-INBRE Annual Symposium has on the participating students' educational experiences.
IDeA networks of biomedical research excellence. In 2001, the National Institutes of Health (NIH) expanded the Institutional Development Award (IDeA) office (https://www.nigms. nih.gov/Research/CRCB/IDeA/Pages/default.aspx) to include a new research program first called the Biomedical Research Infrastructure Network (BRIN), and later the IDeA Networks of Biomedical Research Excellence (INBRE). The purpose of this grant mechanism was to enhance biomedical research activities and educational infrastructure in the states with the lowest levels of NIH funding. The Kansas INBRE, or K-INBRE, is a product of that 2001 initiative. The University of Kansas Medical Center (KUMC), a comprehensive medical and biomedical PhD-granting graduate school, serves as the administrative center of the program (1) . The network also includes two comprehensive universities, the University of Kansas-Lawrence and Kansas State University, with under-graduate and graduate PhD-level degrees in biomedical sciences. Five predominantly undergraduate institutions (PUIs; https://www.nsf.gov/funding/pgm_summ.jsp?pims_idϭ5518) that award Masters level degrees in biomedical disciplines also participate in the program: Emporia State University, Fort Hays State University, Pittsburg State University, Washburn University, and Wichita State University. In addition, there are two participating institutions that provide undergraduate degrees to students from predominantly underrepresented populations: Haskell Indian Nations University and Langston University. Due to the diverse missions of the 10 K-INBRE campuses, each institution tailors how their students are recruited and participate in research activities (1) . To unify the member institutions, a conference-like activity is held annually to bring students and faculty from all participating campuses together.
Conference description. The first K-INBRE (K-BRIN at the time) symposium was held on the KUMC campus in Kansas City, Kansas, on January 11 and 12, 2003. During the first annual symposium, 30 K-BRIN sponsored students presented their research projects in either oral or poster form, with a total of 75 faculty and students attending. Since then, through the 2016 conference, 1,306 students have participated (Table 1 and Fig. 1) , and attendance has grown to over 300 students, faculty, staff, and guests. The symposium site rotates yearly throughout the state, although location is limited to the institution communities that can accommodate the growing number of participants. In this paper, we hypothesize how the K-INBRE symposium serves as an effective mechanism to help engage students in STEM disciplines and provides a clear target toward which students work as they participate in the K-INBRE program.
METHODS

Student survey.
To assess the impact the K-INBRE has on students, we surveyed students who recently participated in the K-INBRE program. Student contact information was collected in a database system (RedCap) that the K-INBRE started using in 2013, and students were contacted by e-mail and asked to complete a short survey (Supplement S1 is available in the data supplement online at the Advances in Physiology Education website). In particular, we were interested in where the students trained, whether they had been to the symposium, and how the symposium impacted their undergraduate education.
Faculty survey. To obtain a better understanding of the symposium's impact on students, we constructed a 26-question survey (Supplement S1) that was distributed to faculty who had mentored students since 2009. We collected their opinions about symposium impact, demographics about the mentors, and information about their mentoring, and requested input about K-INBRE communications.
INBRE questionnaire. To compare the K-INBRE symposium with the other 24 INBRE programs, we asked each participating state's principal investigator a series of 13 questions about his or her annual symposia (Supplement S1). Information detailing the length of the event, number of participants, types of sessions included, and student and faculty participation was gathered.
RESULTS
Symposium format. The K-INBRE symposium is organized and structured similarly to national research meetings, with the goal to replicate a national meeting in every respect. This creates an authentic experience for undergraduates, who may not have ever attended a major conference, by creating an aura of professionalism and prominence. The conference schedule begins on Friday night with a student mixer or activity that serves as an opportunity for students from different institutions to meet, socialize, and network. The conference runs a full day on Saturday and one-half day on Sunday (concluding at noon), with meals and refreshments provided on site throughout the conference to encourage informal participant interactions.
Students participating in K-INBRE-sponsored programs are highly encouraged to submit abstracts for either a poster presentation or an oral talk, according to a deadline process similar to other professional conferences. Abstracts are reviewed by a panel of faculty to choose those with promising science content for oral presentations. Those not chosen for oral presentation are informed that they are to present a poster based on the same abstract. All presentations are expected to be of "national meeting" quality, with preparation costs (poster printing) covered by the K-INBRE. Since 2003, students have presented 1,087 posters, and 113 have presented their work in 20-min oral formats (Table 1) .
Students are expected to present as if this were a national, high-profile meeting, with some students rewarded with sponsored cash awards for the highest quality work judged by Kansas-Missouri biotech industry volunteers. In this process, judges interact personally with the students by listening to short poster presentations and providing feedback. In addition to student presentations, faculty from around the region, not limited to Kansas or Oklahoma, are invited to present their original research in both poster and oral format. One, and sometimes two, national speakers is also recruited to present during the symposium. Therefore, students present side by side with working scientists, providing opportunities for networking and future collaboration.
Although students are not required to present, many do for the experience and resume enhancement. Reasons for not presenting in the past have included inclement weather, family obligations, and leaving the program before the symposium was held for that year.
Symposium student demographics. One hundred and fiftythree surveys were distributed to students who participated in K-INBRE-funded programs from 2013 through 2015. Seventyeight surveys were completed from September 2015 to November 2015, with two reminders sent by e-mail. The return rate was 51%, with surveys returned from students from each of the participating K-INBRE schools. The school distribution of survey respondents (Table 2 ) somewhat matched the percentage of students funded by the program (Table 1 ; R ϭ 0.819, P Ͻ 0.001). Distribution also matched the percentage of students from each school who attended the symposium (Table  1 ; R ϭ 0.826, P Ͻ 0.001). These data indicate that a broad but representative distribution of students from all of the K-INBRE network universities responded to the survey.
The K-INBRE universities are quite heterogeneous, and there was some concern that the students from the PhDgranting institutions would be the only students attending the conference and presenting their work. However, we found that the distribution of students attending the symposium is representative of the numbers of students trained at each of the participating schools (Table 1 ). When we compared the percentage of students from each institution attending the conference to the percentage of students each institution has funded to do research, there was a strong correlation (R ϭ 0.958, P Ͻ 0.001). The percentage of students presenting is also reflective of the number of students trained (R ϭ 0.922, P Ͻ 0.001). Only 39% of the students attending the symposium came from the PhD-granting institutions, and students from the PUIs totaled about one-half of the oral and poster presentations, indicating that there is broad representation at our conference from all of the participating schools.
The one exception to this trend is that fewer students from Haskell Indian Nations University participate in research and attend the symposium. This can be explained, in part, by the fact that, unlike all of the other institutions in the network, Haskell does not have a formal research infrastructure. The one or two Haskell faculty involved in the program do not have active research laboratories, and Haskell students must depend solely on off-campus summer opportunities to pursue research. The K-INBRE leadership instituted new programs in 2014 to provide field research opportunities for more Haskell students, which should result in increased participation in the symposium.
Student profiles and opinions. As part of our survey, we asked students how many semesters they participated in the K-INBRE program (Table 3) . We found that the average duration of participation in the K-INBRE program was 2.2 semesters. Fifty-seven percent of the respondents had participated in the K-INBRE program for two or more semesters, with 8% in the program for five or more semesters. It is important to note that two semesters of K-INBRE support often prepares a student to obtain funding by other mechanisms. One hundred fifty-three surveys were distributed to recent K-INBRE students. Seventy-eight responses were received, a 51% return rate. %Respon-dents show the distribution of survey respondents' school compared with percentage of students funded by the program (R 2 ϭ 0.67) and compared with percentage of students from each school who attended the symposium (R 2 ϭ 0.683). Additionally, we allow those students to continue to participate in our conference and campus events, as our program philosophy is, "once a K-INBRE scholar, always a K-INBRE scholar." Program-wide since 2009, the average funding period for K-INBRE students is 2.1 semesters. Therefore, our survey population experience in the program appears to parallel our overall K-INBRE student population and helps validate that the survey reflects our student population.
K-INBRE students were asked about the impact the K-INBRE symposium has on their undergraduate education (Table 4), and we found that 17% indicated the symposium affected their career decisions. Almost 80% of our respondents indicated that their participation in the K-INBRE symposium helped them in their appreciation of the value of research. This is consistent with other program surveys that assessed the impact of undergraduate research experiences (3, 5-7) and with our laboratory's previous assessments of the K-INBRE program (1) .
The student responses demonstrated how the K-INBRE symposium contributed to our programs success. Predominant themes included improved networking and presentation skills and the understanding of research. In particular, some students indicated that knowing about the upcoming symposium motivated them to prepare and "expand my knowledge on how research is conducted and has helped me connect with important people in research." Another student commented, "The K-INBRE symposium is what encouraged me to start research as early as I did." One student wrote, "It gave me an idea about what was expected when presenting your research. [These are] skills that I can now use as a graduate student." Some student feedback was quite extensive. For example, one student commented, It helped me gain experience in research as far as learning techniques, and planning and managing my own experiment. I learned what it would look like to work as a researcher full time. My communication skills were greatly improved through presentations about my research I gave to my fellow students, scientists, and even those not in the field.
Other students said, "It has opened the door of scientific research for me. I have a better understanding of the work and commitment that researchers devout to their work and have a better appreciation for the research world." The interaction with other students is also consistently mentioned. "It provided me an opportunity to present my research with the positive pressure of being judged. It also allowed me to see how other undergrads have been involved in research and learn what it is like to have a career in research." Another said,
The K-INBRE symposium was a motivation for me to pursue a career in research. It exposed me to the different research projects in different universities and allowed me to network with faculty and students in the biomedical field. These helped me explore my own research interests and to decide to get a PhD. . . .
Faculty survey results.
The mentor survey had a response rate of 68%. The survey was sent to 161 mentors, with 111 responses from all but one of our campuses (Table 5) , which was not included because we only have one mentor at that institution and did not want to "identify" an individual. Nevertheless, the percentage of responding mentors correlated with the percentage of students who were trained at each of our campuses (Table 5 , R ϭ 0.860, P Ͻ 0.001). We also examined demographics of the mentors who responded to the survey. The sex and ethnic distribution were fairly representative of the faculty who participate in the K-INBRE (73:27 men/women; 22% Asian, 68% Caucasian, 5% Black, 1% other or did not disclose; 3% respondents identified as Hispanic). Most interesting was that 41% of our survey respondents were in the age range of 46 -55 yr, with 6% and 8% falling in the 25-to 35-yr or the 66-to 75-yr age ranges, respectively. The mentors who responded to our survey participated in the K-INBRE for an average of 5.5 yr (SD 4.4), with a median distribution of 4 yr. They mentored 474 students since 2009, with an average of 4.3 students per mentor. We were also interested in how many of each K-INBRE mentor's students had presented at a national meeting, and an average of one mentee per mentor had done so. However, this number ranged from 0 to 14 due to large variations in the ability of mentors to support travel to meetings of national scope.
We asked K-INBRE mentors several questions about the impact of the symposium on their students and themselves (Table 6 ). They did agree that the symposium was beneficial to them (mean 3.7, SD 1.2), their students (mean 4.4, SD 0.9), and their students' perspectives on their research (mean 4.0, SD 1.1; Table 6 ). Mentors also felt that the symposium had a moderate impact on student approaches to research (mean 3.6, SD 1.1), and that K-INBRE students were more likely to participate in national meetings compared with non-K-INBRE Shown are the no. of surveys that were returned (nos. in parentheses are the no. of mentors surveyed at that campus) from faculty at our 10 campuses. We had 111 total returns (161 possible). Percentage of the surveys returned is based on 111 completed surveys. Percentage of campus surveys returned is based on the no. of mentors surveyed at each campus. Show are the survey responses by students. The question asked was, "How has the K-INBRE symposium made the most impact on your undergraduate education?" students (mean 4.0, SD 1.2). Consistent with the idea that we select for high-achieving students and that post-baccalaureate education is a goal for many of them before entering our program, mentors indicated that the K-INBRE symposium also had a moderate impact on students' decisions to attend graduate school (mean 3.5, SD 1.2).
DISCUSSION
The K-INBRE symposium is a major high point and focus for the overall K-INBRE program. Faculty mentors in the network embrace the importance of the event (Table 6) , and students also value the symposium. We hypothesize that mentors' positive attitudes influence the students as well. The end result is an annual scientific meeting that attracts abundant and motivated attendees from the participating schools and provides outstanding networking opportunities for both students and faculty. To ensure that the symposium is both an educational benefit to the participants and socially advantageous, much thought is put into the development of the program. For example, significant lead time is given to students to help ensure student preparation. The program is also scientifically relevant to benefit the faculty and the students. Additionally, constant reflection (with after-conference surveys) helps us improve the program for future symposia.
Student preparation. Because students present their research results at the symposium, the educational benefits begin well before the actual event. Students must carve out enough time during the semester to conduct research, write an abstract, and generate a poster. This process requires time management, deadlines, succinct writing, and development of methods to examine scientific data. Some K-INBRE mentors have noted that students start their research experience in their mentors' laboratories with a subdued sort of excitement, because a research laboratory environment is completely different from any other of their lives' experiences. K-INBRE students are all very bright and capable, but they are nervous about what they will be doing and how well they will do it. That lack of confidence is understandable. They are happy about receiving research support, but they often do not understand what K-INBRE is or from where the research support comes. By the time they attend the symposium, they have done some reading, mastered some laboratory skills, practiced their presentations, and thus built their confidence. According to faculty mentors, rarely do students come back after the symposium weekend with less than effervescent enthusiasm for their work, their project, the symposium experience, and their future endeavors. For many, the experience confirms their desire to conduct research, even if they plan to attend medical school.
Students who present posters or give an oral presentation must develop a timed performance to fit the meeting structure, which thereby requires them to be clear and concise. The judges always ask questions, so students must have a thorough understanding of their research before the meeting. Ways that students are mentored for the development of their posters and presentations include various live seminars presented over our videoconferencing network. Topics on how to develop posters, how to give oral presentations, and even how to properly dress for the symposium are provided. All presentations are recorded and published on our YouTube channel and linked to our website (www.k-inbre.org) for later viewing, if students would like to review or are unable to attend the seminars.
The annual meeting serves as a capstone experience for K-INBRE students that focuses weeks to months of active and independent learning. We hypothesize that the students develop critical skills by comparing their research to that of other students and seasoned faculty. Collegial peer interactions among students are also more likely than at a national meeting because of the size and attendee makeup. We hypothesize that attending the annual K-INBRE symposium provides undergraduate students with the experiences and skills that are essential for success in STEM and many other types of careers.
Faculty benefits. Although we understand that the K-INBRE symposium is focused on student education, the observed buy-in from faculty is essential to a quality student experience. Moreover, the quality of science presented is consistently high and reflects state-of-the-art advances. The informal gatherings and meal settings are designed to facilitate discussion between faculty at PUIs and the PhD-granting institutions and opportunities for new research collaborations. Some have noted that, when the faculty at PUIs are engaged in research, the benefits flow down to the students (8) . The feedback from mentors (Table 6 ) appears to suggest that the symposium is working in this way and is a benefit to the mentors, as well. We have noted that the number of mentors at the University of Kansas who responded to our survey lagged participation by other campuses (Table 5 ) and did not correspond to the number of students who have been trained. This could be because some of the mentors at KUMC only engage students in the summer and are not as invested in undergraduate education as at our other campuses. It also reflects that, even in a strong program, there is room for increased engagement with our participants.
Unique program. The ultimate question in assessing the symposium value is, what distinguishes this program from other regional meetings? The intimate size and organization of the symposium is perhaps a key element. Unlike other regional and national symposia, students and faculty alike have multiple opportunities to converse with professors and students from other institutions and with other participating scientists. It is an opportunity for students to have their work vetted by professionals from both the academic and corporate worlds, which is Do you think the annual symposium is beneficial to your students? 4.4 (SD 0.9) Do you think the annual symposium is beneficial to you? 3.7 (SD 1.2) Does attendance at the annual symposium have any impact on your students' decisions to attend graduate school? 3.5 (SD 1.2) Does attendance at the annual symposium have any impact on your students' perspectives of their research in your laboratory?
4.0 (SD 1.1) Does attendance at the annual symposium have any impact on your students' approaches in their research in your laboratory?
3.6 (SD 1.1) Do you think a K-INBRE mentee is more likely than a non-K-INBRE mentee to participate in a national meeting?
4.0 (SD 1.2)
Values are means (SD). Impact is rated from very much so ϭ 5 to not at all ϭ 1.
crucial for students attending PUIs. Moreover, such discussions often allow students to view research as something they can successfully pursue. Indeed, since the inception of the K-INBRE program, all of the chemistry students at the PUI Washburn University who entered PhD programs (11 students) attended and presented at the K-INBRE symposium. Lastly, the symposium can serve as a capstone/recognition/reward for their hard work. We compared the K-INBRE to activities sponsored by other INBRE states (Table 7) . In toto, one or more components of the K-INBRE symposium are practiced in other states. The K-INBRE is not the largest symposium, as the Arkansas INBRE averages~480 attendees. Delaware also has a larger symposium (~400 attendees), but it partners with other organizations (Table 7) . Most INBRE research symposia run 1 day, with a range of activities including oral presentations, poster sessions, and meals. Indeed, the Arkansas INBRE includes many of the same kind of activities at their event as does the K-INBRE. Engagement of students and providing activities that promote student hands-on experience seem to be a key to student success (5) that many INBREs have in common. What appears to be a strength of the K-INBRE symposium, as well as many of the other INBRE organizations, is the long-term commitment and inclusion of multiple components that are found at national meetings: posters, student oral presentations, faculty and outside speakers, multiple meal times, and student-faculty and student-student networking. By making the atmosphere similar to a national meeting, but focusing it on undergraduate students, the INBREs can make it a capstone experience.
Continuous improvement. Although we feel the K-INBRE symposium is a successful program, there is always opportunity for improvement. Each symposium is thoroughly assessed after the fact to look for new educational opportunities. Focus on professional development, structured mentoring, and advanced student learning opportunities are on the agenda for future symposia. Our goal is to provide the most professionally and educationally beneficial program we can for our faculty and students. As an example of this improvement, we have move to electronic poster presentations to keep our event on the cutting edge. We continue to explore alternative formats and activities, for example, student-and faculty-focused breakout sessions and additional national speakers. Constant assessment and reflection are required to continue to advance our students, faculty, and this program.
Conclusion. Assessment of the symposium's value to the K-INBRE program's goal of enhancing undergraduate education through research is not easily quantifiable, and many of the observations presented are anecdotal. No academic literature exists on the value of annual symposia to student education. The ability of students to pursue research and activity to participate in such a symposium clearly fulfills the call for more active learning in undergraduate education (10) . Indeed, if the actual graduation rate of students starting out in STEM disciplines is~40% (10) , it is important to point out that almost 92% (453/493) of the students who participated in K-INBREsponsored research since 2009 completed undergraduate degrees in a STEM discipline. If critical skills are necessary in today's modern, technological age, the preparation needed to participate in the K-INBRE symposium fulfills that niche. One could argue that we have "self-selected" the students who would enter STEM degrees. However, the hands-on experience seems to make a difference in student success (6) .
The K-INBRE symposium is influential to the active learning of the undergraduate researcher because it provides an outlet for the students to showcase their work. While there are other such venues at which students can present their work, few are as perfectly suited to the undergraduate researcher. Institutional "Undergraduate Research Days" are often perfunctory and too broad in scope, whereas discipline-focused scientific meetings can be intimidating to undergraduate researchers whose projects rarely meet the standard expected of PhD students and post-docs. Undergraduates are the focus of the K-INBRE symposium, and it is intentionally designed for States that provided details about INBRE-sponsored symposia are shown. Symposium length is the no. of days each event spanned. ND, information was not disclosed by the program. students to receive praise and critiques from top biomedical scientists in the region.
Through painstaking planning and preparation, the K-IN-BRE symposium has an academic ambience that rivals any professional meeting. We suggest that this provides a sense of authenticity that inspires students. The data suggest that students are highly motivated by the opportunity to present at the symposium, and this requires their best work in the months immediately preceding the abstract deadline. The symposium provides a tangible (i.e., resume-worthy) product as well, which lays the foundation for future careers in biomedical research fields.
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